We have developed numerous laser sources for gathering spectral information from gases. Examples include frequency-comb sources that give complete broadband spectra, and timedivision-multiplexed sources that cycle through key wavelengths aligned to gas absorption features (e.g. a source that cycles through 14 wavelengths in the 1325-1666 nm range every 33 ȝs). We have applied such sources for high-speed measurements of gas properties in combustion flows, for example gas thermometry in the 400-2200 K range at 100 kHz with a precision of 0.2%. Recent and ongoing activities will be summarized, including approaches for gas property imaging by tomographic reconstruction of hyperspectral absorption data.
Introduction
High-speed spectroscopic sensing can be useful in studies of events such as detonations, shock waves, explosions, pulsed magnetic fields, and various combustion articles such as engines. In most of these applications, one generally wishes to acquire spectra at rates exceeding ~10 kHz. Reasons such high speeds may be required include:
x properties of interest can change quickly in these transient environments; high speeds are required to resolve these changes. x even if properties change relatively slowly, high-speed spectroscopy may be desired for immunity to noise such as beam-steering noise [1] . Generally, the goal of our laboratory is to measure gas properties such as temperature and species concentrations at high rates using absorption spectroscopy.
Typical experimental setup
A typical experimental setup is shown in Figure 1 . Here the goal is to monitor gas temperature in a homogeneouscharge compression-ignition (HCCI) engine. The Fourier-domain mode locked (FDML) laser [2] (upper left) is used to generate rapid wavelength scans (1330-1380 nm every 10 ȝs). Several clocking and control signals are shown; these are used to maximize the stability and signal-to-noise ratio of the system. A split-pulse referencing scheme [3] is used to minimize common-mode laser noise. In this scheme, each wavelength scan is split and measured twice, once following transmission through the engine, and once following transmission through a long ~1 km delay fiber. Typical results reduced from the sensor system of Figure 1 are shown below in Figure 2 . The rises in temperature and H 2 O content near -20 and 5 crank angle degrees are due to combustion within the engine cylinder. The drop in temperature near 80 crank angle degrees is due to a thermal boundary layer which grows from a nearby metal wall and into the laser beam path. The temperature is reported at 100 kHz with a raw precision of ~ 0.2% on a rootmean-square (RMS) basis. 
New laser sources
Our group continues to refine all aspects of sensor systems such as the one shown in Figure 1 . In particular, sources of spectroscopic 'sensor light' are continuously being developed and refined. For example, frequency comb sources were developed [4] as a no-moving-parts alternative to the FDML laser described above. Most recently, we have developed time-division multiplexed (TDM) sources which are in many cases the most efficient means of gathering optical gas properties by absorption spectroscopy. Our latest TDM source cycled through 14 wavelengths in the 1325-1666 nm range every 33 ȝs for combined measurements of fuel (CH 4 ) vapor, H 2 O vapor, and gas temperature. This source was successfully applied in a gas turbine burner test facility at the Wright-Patterson Air Force Base in Dayton, OH. The test facility operated at 1-10 bar pressure and 550-2000 K temperature.
